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ABSTRACT 


The work described herein was part of continuina 
research in the area of computer aided information manaae- 
ment and display as applied to air operations on an aircraft 
carrier. The purpose of this study was to evaluate the 
Hughes CONOGRAPHICe12 Graohics Display Terminal in a comput- 
er graphicsv-aided aircraft information handlina system. The 
approach taken in this study was to imolement a realistic 
aircraft information handlina system on a Diaital Equioment 
Corporation PDP-11/50 mimicomputer within the conventions of 
the C programmina Tanguace and the UNIX operatina system at 


the Naval Postaraduate School Computer Laboratory. 


mess Gay includes ar description of orevious efforts in 
the area, a description of the CONOGRAPHIC-12 hardware and 
the software written to evaluate the display terminal. The 
study also includes an evaluation of the CONOGRAPHIC-12 
display terminal as both a dynamic interactive display ter- 
minal and a reneaterr-only terminal at six representative 


erations, 
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E INTRODUCTION 


The purpose of this study was to provide an evaluation 
Of a raster scan graphics display terminal, the Hughes 
CONOGRAPHIC-12, in a commuter graphics-aiced aircraft 
Information handlina system for use onboard a modern 
aircraft carrier. The orimary method presently in use for 
information transmittal and disolay provided tre impetus to 
investigate other means to assist the Aircraft Handling 


Officer (ACHO) and other related personne! in coordination 


of air operations. 


An interactive graphics system was proposed and 
Simulated by Johnson and Woolley [7]. The simulation of the 
system utilized two identical ADAGE AGT-10 graohics 
computers interfaced with a XEROX xXDS 9300. This system 
used a araphics termiral that required continual refresn 
Gata from the host comcuter. The refresh reauirement reant 
that the host computer spent a larce amount of time 
transmitting essentially the same data for the picture to 
remain visible to the user. This requirement either limited 
the amount of data that could be displayed because of the 
time reauired for the refresh cycler or required the svstem 
to have much more complex, and therefore expvensive, graphics 


Berminals. 





The favorable reception given the Johnson and Woolley 
simulation effort led to a continued proaram at the Naval 
Postgraduate School to evaluate soecific hardware required 
to implement a similiar system. Some of the snecific 
evaluation criteria which a display terminal would have to 
meet include smaller physical size and lower initial and 
maintenance costs. Specific reauirements for each station 
and a determination of what special features were desirable 
for each station woule have to also be considerea. The 
criteria which Johnson and Woolley established reaardina 
display format and information content were considered the 


minimum which must be met in any subsequent implementation. 


A minicomputer, such as the AN/UYK=20, control mor a 
small aeneral purpose display terminal appeared to meet the 
general criteria for a host Processor [io], Since an 
AM/UYK=-20 computer was not available to control tne 
CONOGRAPHIC-12 terminal in this study, a Oe Sal le) 
minicomputer was substituted in its place Mets This 
substitution introduced the necessity of determining tne 
capabilities of the processor and oeripherial equioment 
necessary for the imolementation, ime eet lon to the 


evaluation of the terminal itself. 


The specific goal in this evaluation was to determine 
the suitability of the CONOGRAPHIC-12 terminal in tne 
aircraft information handling system. At the time this work 
was comoleted, efforts were currently underway at Naval 


Weapons Center, China Lake, California: to determine the 
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SOeci TIC requirements fore the actual system to De 


implemented onboard an aircraft carrier [3). 


This thesis evaluated and compareg the CONOGRAPHIC-12 
terminal with the Johnson and Noolley simulation system at 
the Naval Postgraduate School. It would be extremely 
significant if the CONOGRAPHIC-12 Graphic Display Terminal 
could IS the ¡information content and ease of 
interaction of the refresh display system. The 
CONOGRAPHIC-12 displav terminal was much less expensive than 
a refresh device, and did not reauire constant refresh fror 
the host processor. Poth of these facts were important mm 
any consideration of a display terminal for an actual 


implementation. 


Mel 





II. BACKGROUND 


As indicated previously, the primary method for 
information transmission and display used onboard modern 
cra TO carriers for the control of aircraft on the fliaht 
and hangar decks provided the major impetus to search for an 
alternate method. Previous studies and research, beginnina 
with the 1966 CADOCS study, had determined that the 
management and COn trol of aircraft was needlessly 
complicated by inadequate communication and information 
handlina, and had proposed a computer-aided graphics system 


as a possible alternative to the present system [7]. 


Presently, aircraft location decisions are made by the 
Beeecraft Handling Officer (ACHO) based on information kept 
Om clexiglass boards and status boards. The boards contain 
the information needed for moving and soottina aircraft. 
The boards are updated by information received by sound 
powered phones, teleohones, messengers and verbal 
communication via S=MC circuits with Sauadron Maintenance 
Chiefs. With this information, and the information 
contained on mockups of the fliaht deck and hangar deck, 
j eeey location, orientation, status and side number of each 


aircraft, the ACHO makes the spotting deeisiıons. 


anat t emot te voroviıde a disolay medium which would 


decrease the number of locations of information required for 


e 





the spottina decision, and also provide a more accurate data 
base, lead to the Johnson and Woolley simulation effort. 
The Johnson and Woolley system was implemented ın a research 
environment on equipment that is not suitable for 
implementation on an aircraft carrier. However, the 
simulation demonstrated the feasibility of the concept and 
demonstrated that the concent was both functional and a 


viable alternative to the present system. 


The decision to incorporate display terminals with 
local processing power was oriqinally made based on the 
refresh requirements of the cathode ray tube used in the 
oriaina]l simulation. The refresh reauirements could be met 
by the host computer, but would be costlv because of the 
large amount of host processor time involved. Addition of 
several such stations would degrade the interaction rate to 
an unacceptable point. This could be overcome by larner 
machines, but the disadvantage with this approach was both 
the associated increase in cost oer terminal and the 


increase in space recuirements. 


The desire to implement the system on a minicomputer 
without the requirement for excessive memory dictated that 
refresh requirements of the disolay be minimized. This 
requirement directed investigation of storaae tube type 
displays. At the present time, storaae tube displays do not 
have a reauirement for continual Refresh from the host 


Sombuter. 
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The develonment of storaae tube displays provided a 
partial solution to the refresh requirement problem. This 
type of display avoided the need for a display buffer and 
disolay refresh. Once the image was written on the video 
memory, it did not need to be refreshed since it was 
electronically stored on the target of the storage tube. 
One potential disadvantage, however, was that the image on 
the storage tube was static, makina dynamic interaction 


aytficult, 


In this thesis, the term static is used to mean that 
the image may not he modified without erasina and redrawina 
the entire image. The CONOGRAPI] Cele display terminal used 
in this evaluation is a variation of the storace tube 
display. This CONOGRAPHIC-12 has the uniaue capability of 
selective erasure, a capability discussed more fully in the 
Meraware section of this thesis. Of primary interest in the 
evaluation of the CONOGRAPHIC-12 disolay terminal was the 
effect of an essentially static display in a dynaric 
applicatıon. Other items of interest also included drawina 
speeds, host computer requirements, response to user 
commands and features available on this display which were 
not available in previous implementations. These features 
included hardware options such as hardcopy and local 


terminal memory. 
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CAR ONARE DESERTPTION 


In this section a description of the hardware 
components required to simulate the aircraft information 
handlino system as it was imolemented in this evaluation is 


presented. 


ANOS T COMPUTER, DEC PDP=11750 


The host computer system utilized in this implementation 
consisted of one Digital Equipment Corporation (DEC) 
PDP-11/50 processor,» a Natamedia 2500 alphanumeric terminal 
and the CONOGRAPHIC-12 graphics display terminal. Ins 
PDP-11/50 processor ovperated with the UNIX operatina svstem 
which was developed at Bell Telephone Laboratories, Irc. 


MO]. 


The minimum hardware configuration required for tne 
implementation ot this Simulation consisted of tne 
Dallowıng: 


Le AA Computer havımareapabı lities similıar TO the 
PDP-11/50, 


l. Aoproximately 48K of memory available to the user. 
The evaluatien program needed about 27K, but was 
written to subport six separate disolay stations and 
was larger that would be necessary in an actual 
implementation. The data base renuired about 1°K, 
and was designed to support a maximum of 144 
Sireroatt. 


oe The CONOGRAPHIC-12 display terminal. 





The present implementation of the simulation also used a 
Vector General Tablet as a locator or coordinate input 
device [4]. This was done because the software supoort for 
the joystick/cursor capability of the CONOGRAPHIC-12 was not 
implemented. Use of the tablet had no effect on the 
simulation, but made aircraft input vocation on the deck 
somewhat awkward since the user had to look at the tablet 


instead of usina a cursor on the screen. 


pee CONOGRAPHIC=-12 DISPLAY TERMINAL 


The CONOGRAPHIC=-12 Interactive Grarhic Display System 
included a raster scan CRT disolav, alphanumeric kevboard» 
proaram function keyboard, AAA k, extended symbol 


Capability, hardware zoom, and selective erasure. 


A simolified functional view of the CONOGRAPHTCH-l1e 
display system as presently implemented at the Naval 


Bostgraduate School is depicted in Fiaure I. 
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FIGURE 1 





The video memory utilized in this system is a Hughes 
type H-129A Scan Converter Tube [6]. This scan converter 
tube is similiar to a standard Cathode Pay Tube (CRT) and 
consists of an electron gun, appropriate focusing and 
deflection mechanisms and a storage taraet. The image to be 
stored on this tube is described by diaital X-Y coordinates 
and transmitted by the host computer to the display 
processor. This data will cause the appropriate bean, 
deflections over a square inscribed on the storaae tube. 
The stored information is then read by a scan converter and 
a copy is displayed on the high resolution television 
HONItor. Once writter, the display remains visible until 
erased, relieving the host comouter of the necessity to 
continually regenerate the output data or refresh the 


display. 


Ine Ofrogram tumetion kevboard  (PFK) \nseithe scurrenkt 
implementation consisted of thirty-two function keys wnich 
produced codes which were proarammatically interroaated by 
mee nOst computer. Each terminal could also suoport up to 


four program function keyboards as input devices. 


The alohanumeric keyboard in the current implementation 
can be programmatically enabled and disabled. When enabled, 
striking a key generates an interrupt at the host processor 
and the keycode is subseauently read bv the host processor. 
In local mode, the alphanumerics are displayed on the 
areen; Out Go not aenerate an interrupt to the host 


comouter. 





Another feature of the present CONOGRAPHIC-12 terminal 
that is useful is the movable cursor that can be 
programmatically enabled. The cursor may be used as 3 
locator device by programmatically reading the grachics 
display terminal's reaisters which contain the Xay 
coordinates of the cursor crosshair center. The cursor iS a 
full screen crosshair which provides accurate location 


information. 


The hardware zoom feature of the current implementation 
Homes independent of a user program. Three controls are 
available to the user which do not effect the actual image 
stored on the video memory target. The three controls are 
an on/off switch to activate or deactivate the zoom feature, 
a joystick for imace oositioninq and 3 aain control to 
emange magnification tip to six diameters. Ihe coboy on tne 
monitor screen is varied by the use of the three controls 
and allows the user a convenient methou of examinina details 
mene may be difficult to distinguish in the normal mode. 
Currently, the zoom mode does not modify the stored imaae. 
THis capability was considered a significant advantaae, 
since the user could examine a oortion of a disolay from a 
much greater distance from the screen. The hardware zoom 
also allowed a user the ability the filter out unwanted or 


unneeded information. 


MES Man i cant Characteristic of the present terminal ÉS 
the capabılity to perform selective erasure. This 


capability allows part of the disolayed imaae to be removed 
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without affecting the rest of the image. Nts the present 
time, the hardware mechanism to accomplish selective erasure 
entails redrawing the imace to be erased in the erase mode. 
If the subpicture being erased overlayed another subpicture, 
the erasure would cause the remaining subpicture to have a 
gap in its which would then require a redraw. However, only 
the affected subpicture would have to be redrawn. Presently, 
this feature relieves the host computer from having to 
refresh the entire display because of some smal} change in 


the image. 


The cCONOGRAPHIC-12 display terminal at the Naval 
Postgraduate School has another significant hardware feature 
Boat was evaluated. The present display has the capability 
a either disolayine an imace in a black on white moder or 
in a white on black mode. This hardware selection feature 
allows a user to select the most suitable image 
presentation. Since a hardware switch performs the display 
manger, mo demand is olaced on the host comouter to modify 


any commands to the terminal. 


Another feature which the CONOGRAPHIC-1e oresent iy 
supports is ar ability to interface to a device for hardcopy 
output. This feature was not avaliable on the 
CONOGRAPHIC-12 at the Naval Postaraduate School, hut was 
considered to be an important feature desirable to have in 
any display terminal used in an aircraft information 


handlına system. 
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The Arithmetic Processor Extension as currently 
implemented on the CONOGRAPHIC-12 display terminal is a 
special extension to the display processor which is used in 
special operations such as picture offsettinc, scalino and 
Barstıion or reflection operations. At the present time, 
this ability relieves the host commuter of the calculations 
necessary to perform these functions. This means that the 
host spends significantly tess time in display list 
manipulation and reduces the amount of data that must be 
transmitted to the display processor. At this time, the 
Basic Arithmetic Processor om the CONOGRAPHIC-12 keeps track 
of the drawing position on the screen and exercises control 


over intensity variation and the dot/dash line capability. 


The Extended Symbol Option of the CONOGRAPHIC-12 as it 
16 currently imolemented at the Naval Postgraduate School is 
significant. This option uses the available memory in the 
CONOGRAPHIC-12 to store predefined fonts. Tne host 
processor then causes the display processor to draw the 
symbol stored in its memory at the given aadress without 


needing any more data from the host. 


The Extended Symbol Option allows the user the ability 
to switch the display from one related set of symbol 
subroutine, called a font, to another. The fonts are 
contained in Read-0nly-Memory (ROM), Ihe Symbol Subroutine 
Controller option is an enhancement of the present extended 
symbol option which allows a user to construct symbol sets 


for storage ın Read-srite Memory (RAM). Althouah the aesian 
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Engseyplanatıom of | these options seemed to be directed 
toward character sets, the observed fact was that any 
graphic subprogram could be loaded into memory and 
subseauently executed by the disolay processor on command 
from the host processor. This meant that static images such 
as an aircraft carrier deck outline or station view 
selection pages could be stored in the display terminal's 


local memory. 


„hen the CONOGRAPHIC-12 disolay was placed in the symbol 
mode, drawina on the screen was accomolished when the host 
processor sent the base address of the font, and an eicht 
bit byte which referenced the subroutine. The byte was used 
as an offset from the font base address. ine display 
processor extracted the command from that memory location» 
which was a jump to a subroutine command, and then ¡umpecd to 
the subroutine, drew the imace and returned. Commands in 
loca] memory were acted on as thouah tne host processor had 


sent them. 


The significance of the extended symbol option ana the 
symbol subroutine option was the effect on the aata 
transmission reauirements necessary from the host comouter 
to the display terminal. The data compression would allow 
the host to attend to other tasks, and sianificantly 


decrease the frequency of data transmission errors. 
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IS O ANA E: DESCRIPTION 


In this section a description of the software 
simulation program written to Simulate the aircraft 
information handlina System and evaluate the CONOGRAPHIC-12 


graphics display terminal is presented. 


R DESIGN CONSIDERATTONS 


The primary objective of this study was to evaluate the 
capabilities of the CONOGRAPHIC=12 araphics aisolay terminal 
as an interactive disolay media for six different stations 
in an aircraft information handlına system. The six 
stations selected were the Aircraft Handling Officer (ACHO), 
the Flight Deck Officer (FDO), the Hangar Deck Officer 
(HDO), any one of twelve different Sauadron Maintenance 
Chief stations, the Carrier Airgroup Commander (CAG), and 
any one of the twelve sauadron ready rooms. The objective 
of the software design was to orovide a display of 
information similiar to that found in the Jonnson and 
noolley simulation. To accomplish this evaluation, new 
software tailored to the CONOGRAPHIC-12 disolay terminal was 
needed. The software for this project was written in the 


high level programmina languaae C [11). 


Routines used ın the interface between the PDP-11/50 and 


the CONOGRAPHIC-12 terminal utilized in this implementation 


Ee 





and the routines necessary to use the tablet were previously 


developed at the Naval Postaraduate School (8,5). 


The primary objective of the simulaton was to 
demonstrate the capabilities of the terminal as an 
interactive device. The desire was to effect a 


conversational tone, so that the user would be able to 
interact with the computer in a natural manner, usina 
familiar languaae and symbols. Soecific attention was aiven 
to developing a reasonable set of user reauests for each 
station and then to makina it simple to make the reauest and 
see immediate results. A prompt message continually 
informed the user of the job sequence, and provided the 
primary method for acknowledgina user reauests. Reasonable 
checks on a user's requests were made prior to oroceeding, 
particuliarly if the request would cause an unintentional 
change in the data base, or would make it awkward for tne 


a 
user to recover from any request. 


It must be stressed that the software that was developed 
was desianed primarily to evaluate the disolay terminal's 
capabilities at each station and to provide a reasonable set 
of user requests which miaht be expected from the station. 
It was also felt that routines to force the user to confirm 
requests were natural and reasonable, if it would be 


aıfficult for the user to recover from an erroneous Feauest. 


The simulation did not check the validity of the 


information which a user entered. For instance, it woulda 
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allow a user to enter an up status for an aircraft, even if 
the aircraft were actually down. A down status aircraft is 
an aircraft which is not in a flyable condition. However, 
the system did perform some logical, checks. For instance, 
an aircraft actually on the hanaar deck may not be moved by 


the fliaht deck station. 


The method used to alert the user to an unusual request 
was to flash a warnina messace,. This flashina message 
aopeared in a prompt field. Simultaneously, a bell] was rung 
which was syncronized with the flashing message. It was felt 
that the audio and visual response by the display were 
sufficient to alert the user. Requests hy the user which 
were not predefined or were out of sequence were 1¡anored. 
The displav acknowledged the request by erasina the message 
im the promot box and then redrawing it. This caused the 
display terminal to momentarily blink, which aave the user a 


response but the terminal did not resnona to the reauest. 


The display format and user interaction capabilities of 
the Johnson and Noollev simulation were the standards of 


comparison used to evaluate the COMOGRAPHIC-12 terminal. 


The modular construction of the proaram allowed for ease 
of extension to include more options. The present set of 
User request actions were deamed sufficient to demonstrate 
the display terminal and host computer's abilitv to 


effectively interact with the user. 
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As presently imolemented on the DEC PDP-11/50, the E 
lanauage supports a powerful data base manıpulatıon feature. 
The data structure chosen for this implementation could be 


mapped to a language not havina this feature. 


The CONOGRAPHIC-12 display terminal was interfaced with 
a PDP-11/50 computer having 64K bytes of memory and up to 16 
million bytes of disk storage. The UNIX operatina system 
was desianed to provide the user with a system that was 
simple and easy to use. Within this framework, Powerful 


software develooment and debuaging tools were provided. 


The most significant feature used in this apolication 
was the system command languaae and context editor which 
could be used to alter the database prior to execution of 
the program Elle In this manner, different types of 
aircraft, different aircraft and different sauaarons could 
be added ToO or deleted from the simulated onboard 
complement. This procedure is explained in detail in 
EE ENDIX T A; USER'S MANUAL. Although this function was not 
Strictly necessary to evaluate the CONOGRAPHIC-12 display 
terminal, 1t orovided amore realistic simulated environment 


which gave more credence to the evaluation results. 


The second powerful feature used was the file-device 
feature. The term file-device will be used to mean the 
Hani ity to orogrammatically open an image file and then 
write the file to the CONOGRÄPHIC-12 display terminal 


without havina to have the simulation croaram process the 
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file. Use of this feature simulated having access to the 
CONOGRAPHIC-12 RAM and ROM memory. Files were constructed 
which simulated preprogrammed ROM fonts, fonts which would 
reside in the CONOGRAPHIC-12 memory in an actual 
implementation. This was done in order to remove the code 
required to regenerate the desired imaaes each tire they 
were required from the simulation proaram. Construction of 
the files was done separately, and then the araphic 
instructions were read from the font file and written to tne 
CONOGRAPHIC-12 display terminal when required. Examples of 
these files are the files which oresently contain the 
commands to draw the flight deck outline and hanaar deck 
outline. At this time, the other files contain the commands 


to draw the textual information for the different views. 


In an actual implementation, these files would reside in 
fee CONOGRAPHEC=t2 display terminal's local ROM or RA“ 
memory and would therefore significantly reduce the 
transmission time required for arawing suboictures on the 
terminal. The reduction in transmission time would lessen 
the danger of a faulty transmission and the resultant 


@emolications. 


mee DESIGN CHARACTERISTICS 


ie: Control Structures 


The overall logical design of the simulation proaram 


was based on ame Mo l e contro Structure which allowed one 
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CONOGRAPHIC-12 Graphics Display Terminal to simulate any one 
of sıx different stations at a time. (See Figure 2). The 
structure also allowed the appropriate stations to modify 
the data base, and then have an accurate data base available 
for use by any one of the other stations. Since the aim of 
the software was to evaluate the CONOGRAPHIC-12 at each of 
the stations, two concurrent evaluations were supported by 
the software for the four stations with interactive 
capabilities. One evaluation determined the CONOGRAPHIC-I2 
terminal's capabilities to function as a reneater-only 
device. This simulated the video signal from one 
CONOGRAPHIC-12 disolay terminal drivina other displays, 3 
capability the device presently has. The interactive view 
available at the station was designed to evaluate the 
terminal as it would be interactively implemented onboard an 


Sırcraft carrier. 


In order to evaluate the CONOGRAPHI Cele terminal at 
each of the interactive stations as both a reveater-only 
display terminal and an interactive terminal, provision was 
made to allow the user the option of selectina tne desired 
mode. This was done boy displaying a station desired view 
menu, and then allowing the user to select the interactive 


View, any of the reveater-only views, or to switch stations. 


Selectiom Of the Interactive view af an appropriate 
station gave the user the aay lat y¥ to evaluate the 
CONOGRAPHIC-12 terminal as a dynamic, interactive display 


Berminal. Tniısaysenwserovided for all the views available in 
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the repeater-only mode, allowed the user to Aea E (vel y 
manioulate the data base, and also allowed the user to 
Switch stations. While in the interactive mode, if the user 
selected one of the views available in the repeater-only 
mode, return from the view was to the station view selection 
page associated with that station, instead of the 
interactive page. This was done to allow the user to work 
in the interactive mode, simulate having a reveater-only 
display terminal at the station available for the other 
views, and then to resume working in the interactive mode. 
This constraint was introduced to allow a simple control 
structure and at the Same time, realistically simulate 


havina several terminals, including an interactive one, at a 


station. j 

The Carrier Airaroup Commander's Station Was 
selected as the Station demonstrating a provosed 
implementation of a station without the control structure 


required by the simulation. This station always functioned 
as a reveater-only displav terminal. The user was allowed 
to select the initial view by having a station desired view 
selection page. Once the initial view on the display was 
selected, the user was allowed to switch views without 
having to return to the view selection paae. Selection Of 
the views available at the Carrier Airaroup Commander's 
Station was done by usina the PFK buttons, uit a more 
reasonable implementation would he to switch views in the 


Same manner a regular television channel selector chanaes 


Ze 





channels. 


The other repeater-only station in this simulation, 
the Squadron Ready Room station, was implemented by allowina 
the user to select the squadron the station simulated. A 
view selection page was then displaved which provided a list 
of the views available at this station. Return from anv 
selected view was always to the view Selection name. This 
control structure allowed the user the ability to evaluate 
the CONOGRAPHIC-12 terminal as a repeater-only terminal 
wt hout havina to construct special aisolay formats for tne 
selected views. The special formats would be required in 
order to include a menu. Since this station should also be 
ımplemented uUsıng the previously described television 
channel selector mechanism, the constraint of always 
returning to the station desired view selection page did not 
affect the evaluation of the terminal, and was a reasonable 


method for imolementing the control structure. 
Ce Data Base 


In order to provide a realistic simulation of an 
aircraft information handlina system, provision was made for 
two logically distinct manipulations of the data base. The 
Simulation orovided a method to alter the data base prior to 
commencina program execution. Provision was also made to 
store the data base, as modified by the various stations 
during program execution» at the end of execution. Ins 


provision enabled the state of the data base to be preserved 
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intact between simulations. 


The other distinct manipulation of the data base 
occurred durina proaram execution when any or all of the 


interactive statıons modified the data base. 


The first type of manipulation of the data base made 
extensive use of the previously described file-device 
feature. Provision was made to add or delete aircraft, 
aircraft types or sauadrons. Specific procedures are 
outlined in APPENDIX A, USER'S MANUAL. This provision made 
use of the editor feature available on UNIX, but coulda be 
easily imolemented in an actual system. The loaical station 
mach would possess this ability would be the Fiight Deck 


officer's station. BE Sonico tro lled the aircraft 


entry to and exit from the onboard aircraft complement. 


In an attempt to decrease the amount of secondary 
storage required to store the data base, only the 
information associated with the aircraft ana squadrons 
actually on board was stored. The information stored in the 
Gata base was sufficient to restore the state of the data 
base at the end of the last proaram execution, clus or minus 
any modifications made to the data base when the simulation 
was not CUBA) nas Specific procedures to restore the data 


base are included in APPENDIX A, USER'S MANUAL. 


The interactive data manipulation capablities of the 
simulation program dealina with the interactive stations are 


described in the sections of APPENDIX A, USER'S MANUAL, 
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dealing with the interactive stations. 


3, Host _ Memory Reauired 


Since the primary objective of the software was to 
provide a realistic simulation of an aircraft information 
handlina system in order to evaluate the CONOGRAPHIC-12 
display terminal, minimial consideration was given to tne 
memory requirements of an actual implementation. There were 


several reasons for this course of action. 


Only one CONOGRAPHIC-12 was available for the 
evaluation. In order to evaluate the display terminal at 
the six different stations, either six different evaluation 
programs would have to be written, or one proaqram would have 
Babe able to support all six stations. To realisticallv 
evaluate the terminal as a station in the system with access 
to other stations and the data base, the second course of 
action was taken. As a result, the code for all the 
Stations and all the data bases were resident in the 


simulation orogram. 


The second reason was provided by the nature of tne 
study. The aim of the thesis was to evaluate the 
CONORGAPHIC-12 disolay terminal, not to desion an actual 
aircraft information handling system. Much of the data used 
by the simulation proaram used a lo bit integer when one bit 
would suffice. More efficient use of memory could be made 
by packing and unpacking the data, but the expense in 


processor time was the determinina factor. 
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The third reason was that in the present 
implementation of the software interface between the host 
computer and the CONOGRAPHIC-12 at the Naval Postgraduate 
School, all the routines to support the display terminal 
must be loaded into memory, even thouah most of them were 
not required for this simulation. A realistic assessment of 
the memory required would reauire rewriting the aevice 
Emivers specifically to support the CONOGRAPHIC-1e for this 


application. 


As a result of the three major reason discussed 
above, the following figures may be misleadina if used tn 
draw conclusions for actual implementation measurements. 
Any conclusions drawn from them should be made with extreme 
caution. The following results were obtained by  examinina 
the object modules of each module in the simulation procaram. 
The numbers are of bytes in decimal. The data base required 


Beroximately 19K to support 144 aircraft. 


MODULE PROGRAM CODE DATA 
Initislize 3446 
Setup S720 226 
170 3030 650 
Utility 5372 240 
Maintenance ¿2226 234 
ACHO 3954 242 
FDO, HDO 3864 290 
Control 1418 256 
Total 27,090 2,138 
FIGURF 3 


59 





4% Special Conventions 


In order to evaluate the CONOGRAPHIC-12 displav 
terminal as it was implemented at the Naval Postgraduate 
School for use in an aircraft information handling system, 
several features normally available on the disolay were 
simulated. Simulation of these features was due to the fact 
that the software support for the new hardware in the Nava! 
Postgraduate School Computer Laboratory was HOt vet 
available under the UNIX time sharing system. Simulation of 
these features did not effect the evaluation of the 
CONOGRAPHIC-=-12 terminal's capabilities, but did introduce 


some conventions which must be explained. 


The joystick/cursor combination was simulated by use 
of the Vector General Tablet and an outline of the flianht 
deck or hanaar deck. The user is required to look away from 
the display terminal in order to manipulate the stylus. The 
tablet was functionally equivalent to a joystick/cursor 


Sembination. 


The extended symbo! capability and symbol subroutine 


capability was simulated in the manner described previously. 
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Ve EVALUATION 


A. EVALUATION CRITERIA 


In order to evaluate the CONOGRAPHIC-12 aranhics display 
terminal for use in an aircraft information handlina system, 
considerable time was spent in defining the reauirements 
placed on the system by each station. The resultina 
hierarchical reauirements were broken into two subaroups. 
The first subaroup consısted of those functions oeemer 
mandatory (Ope that Station to have, while the second 
subgroup consistea of those functions which would enhance 
the individual station's capabilities. Six stations were 
selected as representative of the different requirements a 
station must possess. These stations, the Aircraft Handlina 
Officer station, the Flight Deck Officer station, the Hanaar 
Deck Officer station, the Squadron Maintenance Chief 
station, the Carrier Aircroup Commander Station and tne 
Scuadron Ready Room station, were in general agreement with 
the stations in the system proposed by Johnson and Woollev 


(7) o 


In the evaluation, it was felt that each of the stations 
should have the ability to display graphic information as 
well as alphanumeric information. This ruled out 
alphanumeric-only display devices. Reducina the number of 


views available to a station would chanae this requirement, 
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and permit display of those views which are alphanumeric in 
nature on an alphanumeric-only display device. In a system 
having several displays at one station, one alphanumeric- 
only display would be a reasonable tmpiementation 353 


repeater terminal for the alphamummeric-on!y display. 


In aeneral, it was decided that each statıon must be 
capable of reproducing the hangar deck and flight deck 
outlines, the location of aircrafts, maintenance information, 
messages and menuS. Each station Would also have to have 
some means of interacting with the disolay and hence tne 
host computer. Finallys ohysical and environmental criteria 
would have to be met. At the oresent time, space is always 
at a premium onboard aircraft ‘Carriers. This placed 
definite constraints on the size of the display terminal, 


disolay processor and host orocessor at each station. 


Unusual and differing liahting conditions exist at 
various air operations stations on present day aircraft 
carriers. This meant that the display terminal must not oe 
affected by high or lew ambient light conditions, anc should 
have some variable intensity capabilities available on the 


terminal. 


Finally, a determination of the best mode of operation 
for the terminal would have to be made. In this evaluation, 
the terminal was proarammed to be both a repveater-on]v 
display device, and an interactive display terminal. The 


software section exolains the reason for this in detail. 
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The following subsections list specific items to be 
considered for each individual station which were considered 
to be the most important characteristics and abilities the 
station must possess. The requirements which the terminal 
should possess at any station when used in a repeater-on]v 
mode were the same as those listed for the two repeater-only 
stations, the Carrier Airaroup Commander station and the 


Sauadron Ready Room station. 


1% Aireraft Handlina Officer's Station 


The ACHO's display must provide a working copy of 
the flight deck, called a scratchoad. The scratchpad 1s 
used to temporarily position aircraft in order to  develoo 
the desired soot plan. Since this station is used for 
Mere planning, chances made on the scratchpad must not 
affect the data base containing the actual aircraft 


moecation. 


Once the ACHO is satisfied with the spot olan, yt 
must be recorded, or saved for future reference and 
distribution. In the current implementation» the ACHA could 
only create one spotplan. This was considered to be an 
natural restrictiıon, since it limited the ACHO‘s ability 
to effectively olan future spots. An improvement to the 
spot plan generation would be to provide the capability to 
generate several spot plans. This would aive the ACHO tne 
ability to plan several different spot plans to handie 


different continaencies. This capability could be easily 
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and economically implemented usina current storage 
techniques, e.9., floppy disk storage. However, the ability 
to store one spot plan was sufficient to orovide a realistic 
simulation Tor the evaluation of the CONOGRAPHTC-ie 


terminal. 


In addition to the scratch pad, the ACHO station 
must be able to disolay the current fliaht deck, the current 
hangar deck, current maintenance status on each aircraft, 
and current maintenance information for a selected squadron. 
In order to have this ability, the ACHO station must have 
interactive caoabilities. The station must have some tvpe 
of locator or coordinate input device and some type of 
Dutton or selector device. The station must have a 
selective erase capability. This was required since tne 
station must have the cavability of dynamically modifyina 
selected oortions of the display. It would be too expensive 
to transmit an entire display each time the displav was 


modified. 


The ACHO station must have the ability to produce 
hardcopy. Hardcopy capability would oe reauired in order 
for the ACHO to be able to transmit the spot olan to the 


miragnt Deck Officer for action or implementation. 


An enhancina option which must he consiaered would 
be the ability to closely inspect selected portions of tne 
disolay in order to filter out unwanted in oOrmatiom or tO 


distinguish portions of the picture which might be difficult 
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to see otherwise. The capability of hardware zoom would 
relieve the host computer from having to redimension and 
redisplay a selected portion of a view to accomp! ish the 


scale factor. 
eF aht Deck Officer's Station 


The FDO station must be provided with the ability to 
modify the actual location of aircraft. In the current 
imeolemenation, the function of the FOO'’s station is critical 
to the accuracy of the data base. The station must have the 
ability to display the current location of all Sirera in 
the onboard complement. This station would also ce tne 


logical station to use to enter new aircraft and new 


squadrons into the data base. 


In addition tc the current flight deck, the FDO 
Station must be able to disolay the current hancar deck, the 
spot plan, maintenance information on a single aircraft and 


maintenance information on a selected sauadron. 


In order to have this ability, the FDO station must 
have an interactive capability. The station must have some 
type Of locator or coordinate input device and some type of 
button or selecting device. The station also needs a 
selective erase capability, for the same reasons suagested 


mee the ACHO station section. 
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Sr Hanaar Deck Officer's Station 


The HDO's station must provide the capability to 
move aircraft on the hangar deck, and between the hancar 
deck and the transition list. The ability to modify the 
data base also made the function of this station critical to 


the accurate state of the data base. 


In addition to the current hangar deck, the HDO 
station must have the ability to disolay the current flight 
deck, maintenance information on a single aircraft, or the 


maintenance informaton on a selected squadron. 


Since there was no 1looica! difference between the 
functions of the HOO station and the FDO station, the HDO 
station required the same capabilities mentioned in the FDO 


station section. 
q. Sausdron Maintenamce Chief's Station 


The Squadron Maintenance Chief's station must 
provide the ability to modify the maintenance information 
for aircraft in the scuadron, and to update the maintenance 
information data base. The function of updating the data 
base is critical to the accuracy of the maintenance data 
base. The station must also be easy to interact with 


because of the number of oeople who would be usina it. 


In addition to heina able to chanae information on 
sauadron aircraft the station must have tħhe aDility to 


display the current fliaht deck and the current hanaar deck. 
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Information contained on these two displays was considered 
to be important to the scheduling of work on sauadron 


aircraft. 


Two enhancing capabilities which the station should 
contain are hardware zoom and hardcopy. Ihe first 
capability would allow the user to view the display from a 
distance. The second capability would be useful in 
assisting the maintenance chief in the performance of 
maintenance record keepina duties by providina a recorda of 


each aircraft. 


5s Carrier Airarcup Commander's Station 


The function of the CAG station is to disolay the 
current flight deck, the current hangar deck and maintenance 
information on the selected squadron. This information 
would be required by the Carrier Airaroup Commanger in order 


to maintain managerial control over the airaroup assets. 


The CAG station did not require any interactive 
Capability, but needed some method available at tne station 


to select the different disolays. 
6. Sauadron Ready Room Station 


The function of the Sauadron Readv Room station 1s 
to display the current flight deck, the current hanaar deck, 
maintenance information on that squadron's aircraft and tne 
current spot olan. The sauadron maintenance information 


would be required to assist the squadron commander in 
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maintaining managerial control. The other three displays 
would be necessary for briefing fliaht crews and keepina 
track of the location of al! squadron aircraft. The station 
did not require any interactive caoabılıty, but needed some 
method available at the station to select the different 


disolays. 


eee EVALUATION RESULTS 


The evaluation of the CONOGPAPHIC-12 for use as an 
interactive and static disolay terminal in air operations 
required that the software necessary to support the terminal 
as well as the hardware must be evaluated. The software 
written for this simulation must be evaluated in order to 
insure that it provided a realistic simulation environment. 
The basic objective of the software design was to crovigce 
the display format that met the display specifications 
established by Johnson and Woolley. The secona objective 
was to evaluate the terminal's ability to interact with the 
users i.e., the man-machine interface. The third important 
objective was to implement the extended symool cavability 


available on the CONOGRAPHIC-12 terminal. 


The first of these objectives» that of meetina 
previously soecified display formats, was accomplished with 
one exceotion. A decision was made to eliminate the 
aircraft shanes from the display. The aircraft side number 
and an orientation arrow contained enouah information to be 


mamcetyional without cluttering the display. (See Figure 7). 
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The additional information about relative size of aircraft 
did not outweiqh the disolay clutter caused by the aircraft 
shapes. Several of the ACHO's interviewed for the Johnson 
and Woolley simulation also noted that aircraft shaoes are 


not required for effective spot plan generation. 


The second oojective, that of evaluatina the man-machine 
Meeeraction Capabilities, was accomplished, although the 
method of user interaction was modified from the Johnson and 
Woolley simulation due to the devices available for data 
entry. The oriainal simulation used the liaht pen as both a 
locator device and a menu selection device. because of the 
previously discussed hardware and software problem with the 
joystick and cursor available on the CONOGRAPHIC-12 termina! 
at the time of this simulation, a Vector General tablet was 
substituted for the locator device. Use of the tablet did 
not effect the evaluation of the terminal, but did detract 
from the simulation since the user had to enter tne desired 
position of the aircraft on the temolate of the deck drawn 
on the tablet», thereby interruptina the natural method of 


interaction with the display screen. 


The use of the program function key (PFK) button device 
instead of a light pen also forced the user to enter each 
aircraft side number one diacit at a time, and then to select 
Pmouner PFK button to confirm the selection. while this 
method of entry was not considered unnatural, it Gyo aot 
provide the natural selection method available with a liant 


pen. The same comment would also apply to many user 
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requests which would modify the data base. 


The third major objective, that of imolementing the 
extended symbol capability, was not net. The oriainal 
desire was to place the fliaht deck and hanaar deck outlines 
in the CONOGRAPHIC-12 memory. During evaluation of tne 
device, both outlines were programmatically loaded into tne 
CONOGRAPHIC-12 memory, but the results were unsatisfactory 
due to system interface problems. This inability to load 
the CONOGRAPHIC-12 memory did not effect the evaluation of 
the terminal at each station, but no statement recardina 


Betual data compression durina transmission can be made. 


Specific evaluation of the terminal at each station is 
described in the followina subsections dealing with the 
specific stations. Actual operation of each station is 


found in APPENDIX A, USER'S MANUAL. 
l. Aircraft Handling Officer's Station 


The ACHO's station display orovideoc a realistic set 
of user requests and capabilities. When simulatino the 
ACHO'S station, the CONOGRAPHIC-12 terminal provided the 
ACHO with a scratchoad, the ability to position aircraft on 
the display in preparation for a spot plans, and the ability 
to load the desired spot olan into memory and then display 


ite 


The hardware zoom feature was considered to be 


indispensable and made close inspection of selected portions 
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of the display easy. It afforded the user the capability to 
easily read side numbers of aircraft spotted riaht on top of 
the fliaht deck. outline. While the side numbers were 
readable, the hardware zoom removed any difficulty, 


especially at any distance from the display terminal. 


The complexity of the tasks at this station required 
a large job menu and tended to aive the display a sliaqhtly 
cluttered look. Use of a smaller character size miaht 
improve the appearance, but miaht also make the menu harder 


to read. 


In the evaluation of the CONOGRAPHIC-12 terminal = as 
an ACHO station, the display terminal met the minimum 
requirements of quick response and the ability to move 
aircraft. However, the method of interaction using both 3 
locator device and a button device was awkward. Since this 
station was so critical to the smooth ana efficient 
allocation of aircraft resources, the request and verify 
method of interaction, described in the software section, 
was considered too clumsy. This method would probably 


memstract and irritate an ACHO. 


Recent developments in touch screen periphera! 
devices would remove the awkwardness of the present 
implementation and should make this station as easy to 
manipulate as the ACHO station in the Johnson and Woolley 
simulation. The touch screen device would be placed on the 


front of the disolay terminal's screen. Presently, two 
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sides of the device have photoeletric sensors, and the two 
other corresponding sides have liaht sources. When the user 
touched the screen, the device would be able to determine an 
X=Y coordinate postion. This information would be 
programmatically used in a manner functionally equivalent to 


the tablet and the PFK buttons. 
EME: Deck Officer's Starton 


The FDO's station display provided a realistic set 
of user requests ana capabilities. When the CONOGRAPHIC-12 
terminal was used as an FDO stations, it provided the FDO 
with the ability to control aircraft movement and easily 
manipulate the data base. The FDO controlled the aircraft 
on the flight deck, and had three lists of aircraft to 
manipulate. The three lists were of airborne aircraft, 
aircraft in transition between the fliaht deck and the 
hanaar deck, and aircraft in a bingo status. A binao status 
aircraft is an aircraft which has been diverted to a shore 


landing field. 


The hardware zoom feature was also considered 
indispensable at this station for the same reascns discussed 


in the preceeding section. 


The disolay format was easy to read ana understand. 
It provided a man=machine interface that was easy to 
overate. The use of the locator device and button device 
forced a request and verify method of user's desired 


actions, but since the number of tasks at this statıon was 
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less complex than those at the ACHO station, the method was 
not restrictive or unnatural. Manipulation of the aircraft 
on the display and in the data base proved to be easy and 
natural. Response ry the terminal to user requests was 
fast. The CONOGRAPHIC-12 terminal was considered 


satisfactory for use as a FDO station disolay terminal. 
3. Hanoar Deck Officer's Station 


The HDO's station display provided a realistic. set 
of user requests and caoabilities. The main difference 
between this station and the FDO's station was that the HDN 
station had fewer aircraft lists to manipulate. Tne station 
controlled the aircraft on the hangar deck and those on the 


Bransıtion list. 


SiGcestMecmr Unmet vom of the HDO station was locıcallv 
the same as the function of the FDO station, the same 
evaluation and same results applied at this station. The 
CONOGRAPHIC-12 terminal was considered satisfactory for use 
as a HDO station for the same reasons given above in the FDO 


section. 
q. Sauadron Maintenance Chief's Station 


The Sauadron Maintenance Chief's station orovided a 
realistic set of user requests and candabilities. when 
simulatina the Squadron Maintenance Chief's station, tne 
MUNOGRAPHIC-=128 terminal provided the station with a list of 


all aircraft in the sauadron with their current maintenance 
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status. An operator could easily manipulate the maintenance 
information for those aircraft in the squadron using only a 


button device. 


Although the number of tasks at this station was 
considerable, the disolay format was not cluttered. Tne 
user request and verify method was also used at this 
station. It was easy to maniolate the terminal and the data 


base. The terminal responded quickly to the drawına 


commands from the host processor. 


The previously mentioned comments reaarding both the 
hardware zoom and the black on white or white on black modes 
also were applicable at this station. In addition, the 
hardware Zoom at this station gave the user the abılıty to 
easily read the maintenance information display from fifteen 
feet away. Addition of a hardcopy feature at this station 
was considered a reasonable method for extracting pertinent 
maintenance information for use in related maintenance 


record keepina functions. 


It was imoortant for a Squadron Maintenance Chief to 
have the ability to view both the flight deck and hangar 
deck displays. These displays contained the information 
needed regarding aircraft location to enable the sauaaron 


maintenance chief to efficiently schedule work. 


The ease of interaction, the auick response to user 
requests and the capability of the CONOGRAPHIC-12 to store 


predefined symbols such as the hanaar deck and the ft) vont 
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N 


deck, plus the ability to attach hardcopy if reauired, made 


the terminal well suited for use at this station. 
5. Carrier Airarouo Commander's Station 


The CAG's station display provided the ability to 
view the flight deck display, the hanaar deck display ano to 
select any one of the squadrons onboard and view the 
selected squadron's maintenance information. No interactive 
capabilities existed at this station, but the present 
implementation used buttons to select the particular view to 


be displayed. 


Since the need for an interactive capability did not 
exist at this station, the present CONOGRAPHIC-1e terminal 
at the Naval Postaraduate School had too many capablities to 
be used merely as a repeater station. Removal of the input 
devices and installment of a channel selector type device 
would be more in line with the requirements of this station. 
Since this chanae would require a major engineering chanae, 
a more reasonable implementation would be to broadcast the 
video signal over the aircraft carrier's television circuit 


and use a conventional television at this station. 
Os Sauadron Ready Room Station 


The Sauadron Ready Room station display provided the 
ability to view the fliaht deck display, the hangar deck 
display, that sauadron's maintenance information and the 


snot plan. No interactive capabılities existed at this 
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station, but a method to switch between desıred views was 
required. The only difference between this station and the 
CAG station was that this station could only view 
maintenance information on its own aircrafts and had the 
ability to view the spot plan. The ability to view the 
current spot olan was considered a reasonable reauirement in 
order to assist flight crews in determining the expected 


location of their aircraft for the next launch. 


Since the need for an interactive capability did not 
exist at this Station, the CONOGRAPHIC-I2 terminal 
implemented at the Naval Postaraduate School had too many 
capablities to be used merely as a repeater station, for the 


same reasons aiven above ın the CAG station evaluation. 
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VI. CONCLUSIONS 


The problems in using the CONDGRAPHIC-12 grachics 
display terminal as a display terminal in an aircrəft 
information handlina system have been discussed. Á proposed 
shipboard implementation using the CONOGRAPHIC-12 terminal 
has been presented and a simulation of the aircraft 
information handlina system using the CONCGRAPHIC-12 display 
terminal has been designed and implemented. As a result, 
several conclusions with respect to the CONOGRAPHIC-12 


display terminal can be made. 


The fundamental conclusion was that the Hughes 
CONOGRAPHIC-12 Graphics Display Terminal was ideally suited 
for this apolication. thse conclusion was SUGGOorted by 
several observed facts: (1) the selective erase capaoility 
of the terminal gave it a dynamic, interactive capabilıty; 
(2) based on observations made while workina with the 
simulation program, the termina} and host processor were 
easy to interact with and responded quickly to user 
requests, (3) the terminal was capable of duplicating the 
information content of the Johnson and Woolley display? and 
(4), the additional hardware capabilities of the terminal, 
hardcopy, hardware zoom, support of repeater stations» local 
terminal memory» and two viewina modes, enhanced the 


capabilities of each or the Stations specified in the 
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Johnson and Noolley proposal. 


Noteworthy results, and eonelusıons about the 


CONOGRAPHIC-12 are as follows: 


The CONOGRAPHIC-12 display terminal was very easv to 
interact with and could be used in a dynamic application. 
The display was also relatively inexpensive, and for those 
stations not reauirina an interactive capability, the cost 
eoulad be further decreased by omittina the extra options not 
required by the station. The CONOGRAPHIC-12 at the Naval 
Postgraduate School, which included 4K of internal memory, 3 
Bnoaram function keyboard, a Separate scan converter zoom 
housing, Joystick, extended symbol processor, symbol 
eubroutine controller and desk top housing cost about $25K. 


\ 


The basic model 1201 CONOGRAPHIC cost about 513K. 


The ability to use raster scan storage tube displays at 
each station instead of refresh displays sianificantly 
reduced the amount of data which had to be transmitted 
between the host orocessor and the various displays. Use of 
the repeater capability of the terminal would completely 
eliminate any data transmission requirement between the host 
processor and the repeater station. Use of predefined fonts 
in the CONOGRAPHIC-12 memory would also significantly reduce 


the volume of aata transmission required by the system. 


The most significant conclusion that could be made 
about the simulation program was that it was effective and 


gave the user an accurate feel for how the CONOGPAPHIC-12 
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display terminal would react if actually installed on an 
airCrəft Carrier. The simulation was as realistic as the 
Johnson and Woolley simulation, and orovided 3 good 
evaluation Ot the CONOGRAPHI C12 disolay terminal's 


capabilities in an aircraft information handlina system. 
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Maintenance Data Base: maint.r 
SQUADRON NAME, 
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Aircraft Location Data Base: acho.r 
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Scratch Pad Data Base: ser.r 
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Spot Data Base: spot.r 
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location,Co,X-coord,Y-coord,Rotation 
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VII. APPENDIX A =- USER'S MANUAL 


Brief descriptions of the various parameters orovided 
for User interaction with the PDP-11/50-CONOGRAPHTC-12 
system are aiven in the main body of this thesis. The 
information contained in this appendix is intended to 


provide a guide to the user in the operation of the system. 
Xx 


A. INTRODUCTION 


The followina sections contain the specific instructions 
for performina the FUNCTIONS Tncoroorated into the 
evaluation program at each simulated station. Ps trucos 
which apoear on the screen are keot to a minimum and are 
Brompting in nature. It is assumed that all operators would 
receive trainina on the system and excessive memory would oe 
consumed to store detailed instructions. Secondly, detailed 
mstructions would detract from the apoearance of tne 


Mis lay by adding unnecessary clutter. 


ANI desired changes on the display are made by pressina 
@ Program Function Key (PFK) and using the simulated cursor. 
The list of available actions at each station, the menu, 
contains the noe Ofer ne sapOropeleate PFK button whichis 


associated with the action. 
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Since only one CONOGRAPHIC-12 device was available, the 
initial view aopearing will contain a list of the available 
stations. Selection hy the PFK buttons enables the operator 
to select the desired simulation station. A page will then 
aopear which allows the operator to select a view from that 


station», or switch stations. 


The four stations with interactive data manipulation 
mapeoviities, the Aircraft Handlina Officer (ACH), the 
Flight Deck Officer (FDO), tne Hangar Deck Officer (HMO) and 
the Squadron Maintenance Chief, have one view with 
interactive capabilities. This view also has the capability 
to select any other view available to the ocerator at that 
station. Return from a selection of any oage but tne 
interactive oaae returns the operator to the initial page 
for the simulated station, unless the switch Station 
function has been selected. ime that Case, the initial 
station select oaae apoears and allows the operator to 


select the new desired station» or halt the proaram. 


In an actual imolementationr the functions of the 
selected station pace and the interactive poaae could be 
implemented bv havina several terminals at the station. One 
terminal would be used for the interactive displays, and the 
others used as reoeater terminals. The oresent system is 
not a model of ar actual implementation and was desianed to 
allow evaluation of the terminal at each of the six stations 
as both a repeater-only display and/or a dynamic, 


interactive disolay terminal. À detailed explanation of the 
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control structure is found in the software description 


section of the thesis. 


The Carrier Airarouo Commander (CAG) st ac op was 
selected to demonstrate the proposed implementation of an 
actual stand-alone station without the previously mentioned 


artificial constraint. 


The evaluation orogram was desioned with the concepts of 
human engineering in mind. One of the attributes of a human 
engineered system is its ease of use, which imolies ease of 
Error correction. This characteristic was one of several 
imolemented in the simulation. Entry and reauest 
verification provides a mechanism to prevent and recover 


from operator errors. 


B. AIRCRAFT HANDLING OFFICER STATION 


Havina selected the Aircraft Handling Officer's station, 
the operator will see a list of the views available at this 
Station. The views are the scratchoad, the spot plan, the 
current flight deck, the current hangar deck, and sauadron 
maintenance. The operator also has the option of switchina 


stations at this time. 


The interactive Mer ut steam ion sss the -scratchpad. 
Selection of the approoriate PFK button for the remainino 
views will cause the disolay to erase and then display tne 
selected view. The ororot message "<CR> FOR NEXT VIEW" also 


appears on the display. MOE Rance 9 oVLews, Dress any PFK 
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button. The display is erased and then displays the initial 
station view selection page for this station. Selection of 
a PFK button which does not have a corresnondina view will 
cause a flashina "INVALID SELECTION" message to appear in 
the lower middle of the disolay. The ocerator then must 


make an appropriate PFK button selection. 


The following sections describe the functions of the 
requested jobs available to the operator at this station. 
Esch view will be described, alona with the functions 
available at this station. The interactive view iS 
mescrioed firsts and the function of each PFK button is 


descrioed. 
ie ocratchnoaqc = -EK 1 


Selection of this PFK button enters the operator 
into the interactive view available at this station. Refer 
to Figure 4 for a picture of the display in this mode. The 
operator has a display of the fliaht deck outline, al} 
aircraft on the scratchpad flight deck with their side 
number, location and orientation, a menu of the Jobs 
available at this station, a oromot messace box, an aircraft 
orientation angle guide, and lists of aircraft side numbers. 
The number of lists available depends on the state of the 
display. If the ACHO previously selected the "Clear 
Scratchoad" function, the list displayed will be of all 


aircraft currently onboard except for those in a bingo 


status, otherwise the oisplay will have a list of airborne 
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SAO a list of aircraft on the hangar deck. A bingo 
status aircraft is an aircraft which has been diverted to a 


shore landing field. 


Specific instructions for the operator to operate 
the station in the interactive mode follow. The orompt 
message "SELECT JOB" appears in the promot box, ana the 
display terminal waits for the operator to select a job from 


the job menu. 
ae A/C Status = PFK 0 


fuiseemeeouttom otilows the operator to obtain 
the maintenance status on one aircraft. The orompt message 
"ENTER SIDE NUMRER" apoears in the oromot box and the 
operator enters the aircraft side number one numeral at a 
me using the PFK buttons. The numeral is echoed back to 
the operator above the SELECTED A/C text. Once the onerator 
has entered the three numeral side number, the prompt 
messaqe "PFK 29 OR <CR>" is disolayed in the promot box. 
Selecting PFK button 29 will then disolav the maintenance 
status for that aircraft, unless the aircraft is not in the 


onboard complement. 


If the selected aircraft is not in the onboard 
complement, a flashing "A/C NOT IN COMPLEMENT" message will 
appear in the prompt box» followed ENERO TDE NUMBER" 
Prompt. If the operator has mistakenly entered the side 
number of an aircraft which is not desired, press any PFK 


button except PFK button 29. The prompt message, "FNTER 
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SIDE NUMBER", will again appear in the promot box» and the 


operator proceeds as before. 


Maintenance information on the selected aircraft 
will remain on display until the operator selects the next 
desired job. At this time, the prompt box will have the 
message "SELECT JNB", and the simulated station will wait 


for the operator to select a new job. 


Dre Current FD =- PFK 1 


Selection of the CURRENT FD PFK button will 
erase the display and then disolay the current fliaht deck. 
The prompt message "<CR> FOR NEXT VIEW" will appear at the 
Bottom of the displav. When the operator has finished 
viewing the current fliaht deck, selection of any PFK button 
will erase the disolay and disolay the initial desired view 


menu for this station. 


ES Current HD = PFK 2 


Selection of the CURRENT HD PFK button will 
erase the disolay and then disolay the current hanaar deck. 
The prompt message and return to the initial desired view 
selection page for this station is the same as described 


above in the CURRENT FD subsection. 
Gd. Maintenance > PFK 3 
Selection of the MAINTENANCE PFK button will 


erase the display and then display a list of squadrons 
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earcentiy vom “board. The operator then presses the 
aoprooriate PER button correspondino to the desired 
sauadron, and the complete maintenance status for the 
selected sauadron is displayed. (See Fraure 9). The 


prompt message and return is the same as described above. 


e. Spot Plan = PFK 4 


Selection of the SPOT PLAN PFK button will erase 
the display and then display the current spot olan. (See 
gure 5). Selection of this button does not cause an 
update of the spot olan, but disolays the last spot plan 
created by the ACHO. The orompt message and return is the 


same as described above. 


fa Add To- Spot 


Selection of the ADD TO SPOT PFK button allows 
the operator to add an aircraft to the scratch oad. The 
operator enters the aircraft side number in the same manner 
described above under A/C STATUS. The selected aircraft 
will apoear just below the fliaht deck outline and tne 
prompt message “PFK 1 IF GO" aopears in the promet box. 
Berection of PFK button 1 will place the aircraft in the 
list of aircraft desianatea as the aircraft to be launched 
when the soot plan is undated. Selection of any other PFK 
button will allow the operator to place the aircraft on the 


scratchoad for location transfer on the spot plan. 
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ifthe waicerart, 1S actually om the hangar deck, 
the prompt message "WHICH ELEVATOR" appears in the prompt 
OX. The operator enters the appropriate PFK button 
corresponding to the desired elevator. The aircraft side 
number will be entered into the correct array for the 
elevator traffic on the soot olan. The aircraft will then 


appear on the view Just below the fliaht deck outline. 


The next cromot messane, "PFK 30 OR INPUT ANGLE" 
appears in the prompt box. At this time the operator may 
ehange the orientation of the aircraft, or confirm the 
present orientation. The operator presses PFK button 30 if 
satisfied with the present aircraft orientation. To change 
the aircraft orientation, the operator selects the desired 
orientation by oressina the approoriate PFK button 
corresponding to the ROTATTON ANGLE text available on the 
display. Currently eight different aircraft orientations 
are available. The allowed orientations will rotate tne 
aircraft to correspond to the opverator's choice. Any analea 
selected which is not on the current ROTATION ANGLE text 
will cause the aircraft to be oriented toward the bow of the 


aircraft carrier, 


Ahen the operator is satisfied with the aircraft 
Orientation, oress PFK button 30, otherwise», press any other 
PFK button. The prompt messaae "PFK 30 NR «<CR>" wil] be 


disolayed to remind the operator of the sequence. 
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Upon completion of the aircraft orientation 
sequence, the orompt messaae "SELECT POSITION" appears in 
the prompt box. In the current imolementation, the operator 
positions the aircraft usina the tablet pen and the tablet 
overlay. Depress the pen on the tablet at the desired 
position, and the aircraft will appear on the flight deck 
outline at the selected position. The promot message "PFK A 


OR <CR>" will arpear in the promot box. 


If the operator is satisfied with the aircraft 
Beratıion, Dress PFK button 8. This causes the aircraft 
location to be entered into the scratchoad data base and the 
emomot messace "SELECT JOB" to appear in the promot box, 


completing the ADD TO SPOT seauence. 


If the operator is not satisfied with the 
PE raft positions oress amy PFK button except PFK button 8. 
Ihis will cause the "SELECT PASTTION” oromot message to 
appear in the prompt box, and the operator selects the new 
desired position. The aircraft will be erasec from its 


present position and crawn in the new position. 
QO. Delete from Spt -~ PFK 4 


Serec nro the DELETE FROM SPT PFK button wil)! 
promot the operator for the aircraft side number. The 
operator will next see a "WHICH FLEVATOR" prompt messane. 
An appropriate entry causes the aircraft to disapnear from 
the view and to be olaced in the correct list for the spot 


plan. 
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he Move - PFK 7 


Selection of the MOVE PFK button allows the 
operator to move an aireraft from one position to another on 
Maem setatch pad and change or confirm the aircraft's 
orientation. The operator enters the aircraft side number 
in the manner described above, and the aircraft wil! be 
erased from the scrachpad and aopear just below the fliaht 
deck. The oromot messaae "PFK 30 OR <CR>" appears in the 
prompt box and the operator confirms the aircraft 
orientation, or selects a new ore at this time, using the 
same procedures outlined above. When the ocerator is 
satisfied with the aircraft orientation, select the new 


mapereatt position in the same manner outlined above. 


1% Scratch to Curr = PFK 9 


IMEI On of the SCRATCH TO CURR PFK button will 
erase all the aircraft on the scratchpad and then initialize 
the scratchoad data base to match the actual arretadt 
location data base. Tt will then draw the aircraft 
currently on the flight deck, ana update the airborne and 
manger lists on the scratchoad disolav. Selection of this 
PFK button will cause a flashina "SCRATCH TO CURRENT 2722" 
message to appear in the prompt box. If the operator really 
desires to initialize the data base to the actual aircraft 


location, reselect PFK button 9. 
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Pte asrssersten = PFK 10 


selec tona or eha CLEAR SCRATCH PFK button will 
erase all the aircraft on the scratchpad and in the two 
lists. It then lists all the onboard aircraft side numbers, 
except those in a binoo status, on an available list. 
Selection of this PFK button will cause a flashina "CLEAR 
SCRATCH ???" message to appear in the oromot box. If the 
operator really desires to place all aircraft on the 


available list, reselect PFK button 10. 
ka Seratch lo Spot = PFK 11 


Selection of the SERATCH TO SPOT PFK button wit} 
transfer all aircraft which have been manipulated by tne 
operator to the spot clan, erase the display and displav the 
current spot plan. Selection of this PFK button will cause 
a flashing “SCRATCH TO SPOT ?7?7" message to appear in the 
Brompt box. If the operator really desires to update the 
spot plan with the information from the scratchrad, reselect 
PFK button 11. The function of this PFK button will alter 
the current soot plan. Ihe operator should select. -PFK 


button 4 to view the current spot plan without modifyina it. 
la Switch Station =- PFK 31 


Selection of tiS FFR button erases the displav 
and then displays the initial station selection page. Use 
of the SWITCH STATION PFK button wil) bypass the station 


view selection oaaqe at this station and allow the orerator 
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memeo Simul atina a Mew Stations, or halting the 


simulation. 
2. Spot Plan = PFK 2 


Jel ection of this PFK button allows the operator to 
view the current spot olan with the terminal functioning in 
the repeater-on!y mode. The displav will be erased, and 
then draw the current spot plan. In additions, the prompt 
message "<CR> FOR NEXT VIEW" is disolayeg on the lower left 
side of the disolay. When the operator has finished viewina 
the current spot plan, oress any PFK button. The displav 
will be erased, and then display the station view selection 
page for this station. Return from this view is the sare as 


previously described in the ACHO section. 
3. Current Fliaht Deck =- PFK 3 


Selection of this PFK button allows the operator to 
view the current flight deck. The mrocedure to change views 


is the same as outlined in tne oreceeding section. 
4, Current Hanaar Deck = PFK 4 


Selection of this PFK button allows the operator to 
view the current hangar deck. The orocedure to change views 


is the same as that outlined above. 
S. Squadron Maintenance - PFK 5 


Selection of this PFK button erases the disnlay and 


then displays a list of the souadrons currently onooara. 
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The operator may select the appropriate PEK UNE IE Ela; 
corresponding to the desired squadron. Having selected the 
squadron, the display is erased and then displays” the 
selected squadron's name and the maintenance information for 
the squadron. (See Figure 9). Return from this view is 


the same as described for returnina from the spot polar view. 
One Switch Station =- PFK 31 


Selecon or the SWITCH STATION PFK button will 
erase the current display and return the operator to the 
initjal station selection view. At this ooint, the operator 
may select the aporopriate PFK button corresponding to a new 
simulation station, or the operator may halt the proaran. 
The SWITCH STATION PFK button is the only means of enterina 


another station's simulated environment. 


Meee LIGHT DECK OFFICER STATION 


Having selected the Fliaht Deck Officer's station, the 
operator will see a list of the views available at this 
station. The views are the current fliaht deck, the current 
hanaar deck, the spot plan, and sauaaron maintenance. Tre 
operator also has the option of switching stations at this 


time. 


The interactive view at thas” station is the current 
flight deck. Selection of the appropriate PFK button for 
the remaining views will cause the display to erase ana then 


display the selectea view. The prompt message "<CR> FUP 


74 





NEXT VIEW" also aopears on the display. Pressina any PFK 
button allows the operator to chanae views. The display is 
erased and then displays the initial station selection page 
of views available at this station. Selection of a PFK 
button which does not have a corresponding view will cause a 
flashina “INVALID SELECTION" message to appear in the lower 
middle of the disolay. The operator then must make an 


appropriate PFK selection. 


The following sections describe the jobs available to 
the operator at this station. Each view will be described, 
along with the functions available at this station. Tne 
interactive view is described first, and the function of 


each PFK button at this view is described. 
l.. Current Flioht Deck - PFK 1 


Selection tot tnis FFK "Button enters the operator 
into the interactive view available at this station. Pefer 
to Fiaure 6 for a picture of the display in this mode. The 
operator has a display of the flioht deck outline, all 
aircraft on the deck with their side number, location rann 
orientation, a menu of the jobs available at this station, a 
promot message box, an aircraft orientation angle guide, and 
three lists of aircraft side numbers. The three lists are 
lists of those aircraft which are airborne, in a transition 
status between the fliaht deck and the nanaar deck, and a 


list of those Parera? t ww a DINO Status. Seca tec 


meoeructions for the oomerator to operate the station in this 
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mode follow. The prompt message "SELECT JOR" aopears in the 
prompt box, and the display terminal then waits for the 
operator to select a job from the job menu. To select the 
Bees red job, the operator must press the PKF button 


corresponding to that job. A description of each of the 


functions available at this station follows. 


To obtain the maintenance status on one 
aircraft, the operator selects the A/C STATUS PFK button. 
This causes an "ENTER SIDE NUMBER" promot messaae to appear 
in the oromot box. The job seauence is identica?! to that 
described in detail in section B.l.a, with the same results. 
Maintenance information on the selected aircraft will remain 
on display until the operator selects the next desired job. 
At this time, the prompt box will have the message "SELECT 
JOB", and the disolay will wait for the onmerator to select a 


new job. 
b. Soot Plan = PFK 2 


Selection of the SPOT PLAN PFK button will erase 
the display and then display the current spot plan. The job 


sequence is identical] to that described in section 3.2. 
Co Current HD - PFK 3 


Selection of the CURRENT HD PFK Burton will 
erase the display and then aisolay the current hanaar deck. 


The prompt message and return to the initial desirea view 
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page for this station is the same as described in section 
DC 
de Maintenance = PFK qd 
Selection of the MAINTENACE PFK button will 
erase the disolay and then display a list of sauadrons on 
board. The job sequence is the same as that described in 


eeetion B.1.d. 


e. Add To FD = PFK 5 


Selection of the ADD TO 


operator to add an aircraft tO 


airborne list, the transition list, 


procedure is identical Tomcat 


section B.l.f. 


f. Delete From FD = PFK 6 


Selection of the 


allows the operator 


deck and olace it on the airborne 


or the bingo list. The 


described in section R.i.ao. 


DELETE 


to delete an aircraft 


orocedure 


If the aircraft 


FD PFK button allows the 
the filant deck from the 


or thas Þing liste The 


described in detail im 


FROM FD PFK button 


trom the firoaoht 


list, the transition list 
15 identical to that 
is not on the 


fliaht deck, the flashing messane "A/C MOVEMENT NOT ALLOWED" 
will appear in the prompt vox, followed by an FENTER" T TSTODE 
NUMBER" promot. 

Nerea tteis on the fliaht deck, or wu 


disappear from the  fliaht 
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deck and apoear 


just helow the 





flight deck. The prompt message "1-ATR, 2-TRANS, 3-BINGO" 
then appears in the prompt box. Selection of PFK button 1 
or 3 erases the aircraft from the view and nlaces it on the 
airborne or bingo list as appronriate. Selection of PFK 
button 2 will cause the promot message "WHICH ELEVATOR" to 


appear in the prompt box. 


The operator then presses the aoprooriate PFK 
button corresponding to elevator 1! through elevator ü. An 
invalid selection will cause a flashing "INVALID SELECTION" 
selection message to appear in the prompt box, followea by a 
"WHICH ELEVATOR" message. Having selected the appropriate 
PFK button, the aircraft is erased from tne display and its 
side number appears on the transition list, followea by a 


"SELECT JOB” message in the prompt box. 
Gə Move = PFK 7 


Selection of the MOVE PFK button allows the 
operator to move an aircraft from one Bosıtıcnzsonstche fiyoanhıt 
deck to another position on the flight deck, and change the 
selected aircraft's orientation. The procedure is identical 
to that described in section B.l.h, except that the station 
is not allowed to move aircraft which are mot on the fliaht 


Beck, 
In Swiikchestatıon = PFK 31 
Soano tor the SWITCH STATION PFK button will 


erase the current cisolay and return the operator to the 


T8 





initial station selection view in the same manner described 


imsseetion B,.1.!. 
er Current Hanoar Deck - PFK 2 


Selection of this PFK button allows the operator to 
view the current hangar deck in a repeater-only mode. This 


view is the same as that described in oetai! in section 6.4. 


Se. soot Plan - PFK 3 


Selection of this PFK button allows the operator to 
view the current spot plan. (See Figure 5). The procedure 
to change views 18 identical to that described in section 


Bele 
4. Squadron Maintenance = PFK 4 


Selection of this PFK button erases the display and 
displays a list of the sauadrons currently onboard. The 


procedure is the same as that described in section B.S. 


> Switch Station =- PFK 31 


Selection of this PFK button erases the disnlay and 
chen displays the initial station selection page, in the 


same manner described in section B.6. 
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DN ANGAR DECK OFFICER DISPLAY 


Havina selected the Hanaar Deck Officer's station, the 
operator will see a list of the views available at this 
station. The views are the current hanaar deck, the current 
fliaht deck, and sauadron maintenance. The operator also 


has the optior of switching statıons at thıs time. 


The interactive view at this station is the current 
hangar deck. Selection of the approrriate PFK button at 
this station for the remainina views is identical to the 
description given im the Fliaht Deck Officer's station 
section., the following section will describe the function 
of the PFK buttons on the interactive pace for this station. 
Refer to Figure 7 for a picture of the display in this mode. 
Since many of the functions of this station are identical to 
those on the Flight Deck Nfficer's display, attention will 
be given to the differences between this station and tne 


fliaht deck station. 
Ee Current Hanaar Deck - PFK | 


Selection of this PFK button enters the operator 
into the interactive view available at this station. Tne 
operator has a display of the hanaar deck, all aircraft on 
the deck with their sige number, location and orientation, a 
menu of the jobs available at this station, a prompt message 
box, an aircraft orientation angle guide, and a list of 
aircraft in transition between the fliaht deck and the 


hangar deck. Operation of this station is identical to tne 
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procedures described for operatina the Flight Deck station. 
This station does not have the capability to view the spot 
plan. Aircraft may only be entered onto the hangar deck via 
the transition list, and may only be erased from the view by 


placing the aircraft on the transition list. 


The orocedures to enter the aircraft onto the hanaar 
deck are identical to the procedures for entering aircraft 
onto the flight deck. To delete an aircraft from the hangar 
Seek, the operator selects the DELETE FROM HD PFK hutton. 
The prompt message "WHICH ELEVATOR" will appear init we 
promot Bom. At is assumed the aircraft will be 
transitioning to the flight deck, and the operator ıs only 
required to enter the elevator number corresponding to the 
elevator which will be used. The same restrictions 
regarding aircraft movement and selection civen for the 


fliaht deck are applicable at this station. 


Ss Delete Status =- PFK 2 


This station aives the operator the option of 
deleting the maintenance status information on a selected 
amc raft as a separate function. Selection of the DELETE 
STATUS PFK button will erase the information on the aircraft 
currently being disolayed. It is not necessary for the 
operator to delete the aircraft maintenance status, since 
selection of any job at this station will automatically 
delete it, but the operator is aiven the option of erasing 


the information without havina to initiate another job 


A] 





ceaWest, 


Function of the PFK buttons associated “with the 
repeater-only mode are identical to those described above 


for the Fliaht Deck Officer station. 


E. MAINTENANCE DISPLAY 


N 


Having selected the Sauadron SEE Chief Oration; 
the operator will see a list of the sauadrons currently on 
board. The operator selects the approoriate PFK button 
corresponding to the simulated squadron. The next view will 
have a list of the available views at this station. The 
views are maintenance, current flight deck and current 
hangar deck. The operator may also chose to switcn stations 
at this time. Se ee NON Ol the corresponding PFK button 
will disolay that view. then the operator has finished 
viewing the current flight deck or current hanaar deck, 
pressina any PFK button wil} return -the operator to the 
desired view selection page for the Sauadron Maintenance 
Chief. The station still remains as the previously selected 


squadron. 


To select the interactive data manipulation view, the 
operator selects Maintenance Chief. Refer to Figure 8 for a 
picture of the display in this mode. Specific inst ruUCt ions 


to operate this station follow. 
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le Sauadron Maintenance - PFK 1 


Havina selected the interactive view, the prompt 
message "SELECT JOB" appears and the display terminal then 
waits for the operator to select a job from the job list. 
To select the desired job, select the PFK button on the job 


list. 
ae Change Info = PFK 2l 


Selection of the UPDATE or NO CHANGE PFK buttons 
will be ignored unless the operator has previously selected 


the CHANGE INFO button. 


Select tron of the CHANCE INFO PFK button will 
prompt the operator to select an aircraft with the message 
AF LECT AIRCRAFT". The operator selects the desired 
aircraft by pressing the PFK button correspondina to that 
aircraft. An invalid selection will cause the flashina 
message "INVALID SELECTION" to appear in the promot box, and 
then repromot the operator to select an aircraft. The 
selected aircraft will then appear above the field box. if 
the operator has selected the wrong aircraft press the NN 
CHANGE button and the aircraft information will disanpear 
from the field box and reanoear in the list of sauadror 
aircraft. At this time, the ooerator must select the CHANGF 


INFO PFK button and enter the new desired aircraft. 


ines oremot message “SELECT FIELD OR UPDATE" will 


Now apoear in the DFOMDE messaae box. Selection of the 
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appropriate field PFK button will enable the operator to 
change the information im that field. A discussion of each 


field PFK button follows. 
(1) Status =- PFK 13. 


Selection of this field will cause an 
automatic chance in fields 13,14,15,16 and 17. If the 
aircraft was down, field 13 will be changed to "UP" and the 
Down Day, Down Time, Expected Uo Day and Expected Up Time 
fields will be blanked. If the aircraft were oriainally up, 
selection of field 13 will place "DOWN" in the status field 
and asterisks will apcear in the remainina day and time 
fields. The operator then selects the appropriate fieicd and 
enters the new day or time as appropriate by selecting the 
digits one at a time on the PFK buttons. The only allowed 
digits are 0-9 and selection of any other button will flash 
an "INVALID SELECTION" messaqe in the oromot message box. 
the operator enters am incorrect diait, the entry for 
that field must he comoleted. At this time, reselect the 
field and reenter the data. When satisfied with the data 
for that field, select the next fiela PFK button to undate 
the next field. Selection of PKF 13 does not force the 
operator to sequentially select field 14,15,16 or 17 PFK 
buttons. In fact, the ooerator may select any field, 
incudina fielo 13. Reselection of fiela 13 will switch tne 
status field, but will not reenter the day and time fields. 
The data for these fields is still in the data hase, and 


meemtry of the aircraft change sequence wil] restore the 
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fields to view. The simulation aporoach was that an 
operator would not switch the STATUS field several times on 
one job request. Selection of NO CHANGE at this time places 
the aircraft back on the information list with ifs oriainal 


information displayed. 


(2) Down Day - PFK 14. 


Selection of this field results in the 
prompt message “Enter Down Day", then allows the operator to 
enter the three digit julian date. The only diarts allowed 
are 0-9 and any other selection will result in a flashina 
"INVALID SELECTION” messaae, followed bv a reorompt. As the 
operator enters the Svat sy they appear in their 
corresponding position in the field uodate box. An invalid 
entry at this time means the operator must finish the strina 


and then reselect the field and reenter the data. 
(3) Down Time =- PFK 15. 


Selection of this field results in the 
prompt messaae "Enter Down Time", then allows the operator 


to enter data in the same manner described above. 
(E Dected Ue Day. = PFK 16. 


Selection of this field results in the 
prompt message "Enter Expected Up Davy", then allows the 


operator to enter data in the same manner described ahove. 
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©) Expected Up Time - PFK 17, 


Selection of this field results in the 
oromot messaae "ENTER EXPECTFD UP DAT“; and allows the 


operator to enter data in the same manner described above. 
(6) Fuel =- PFK 18, 


Selection of this field results in the 
prompt message "ENTER FUEL" and allows the operator to enter 
data in the same manner with the sare restrictions described 


in the DOWN DAY subsection. 
(7) Comment =- PFK 19, 


Selection of this field results in tne 
promot message "ENTER COMMENT". The operator then selects 
the PFK button corresconaing to the standard maintenance 
descriptions listed in the COMMENT menu. Selection of "NO 
COMMENT" blanks the fiela, otherwise the selected comment 
appears in the field. If "EVENT" is chosen, the prompt 
message "ENTER EVENT" appears and the PFK corresnondina to 


the event number is selected. 


De Update - PFK 22 


Selection “of -this PFK nut ton enters the 
information which is displayed in the field box for tne 
aircraft in the data base. Once the operator has finished 
modifying the information for one aircraft, select the 


UPDATE or NO CHANGE PFK from the job menu. If the operator 
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selects the NO CHANGE button, 


the prompt messaae WP Dat = 


2772" will appear to verify that the operator has elected not 


to update the information fields. 


PFK button will update 


Selection of tne UPDATE 


the data base and move the aircraft 


information fields. hack to the aircraft lists in the updated 
version. Selection of the NO CHANGE PFK button will restore 
the aircraft to its place on the aircraft list in its 
original state. 
0% No Comment = PFK 23 
Selection of this field will not Modo ty Ene dato 
base on the selected aircraft. A more detailed exolanation 


on the function of this button 


de Current FD = 


Selection of 


is described above. 
PFK 24 
flicht déck will 


the current cause 


the same job senuence as that described in detail in section 
ele De 
e: Current HD - PFK 25 
Selection of the current hangar deck will cause 
the same job seauence as that described in section B.l.c. 
fie Switch Station = PFK 31 
Selection of this PFK button returns rne 
operator to the initial station selection paae in the same 


manner described 


in section Bell. 


8&7 





2. Current Fliaht Deck = PFK 2 


Selection of this PFK button simulates the 
repeater-on!ly option at thas station and displays the 
current fliaht deck. Return is the same as described mn 


section 68.3. 
Se Current Hanaar Deck = PFK 2 


Selection of ERIS PFK button simulates the 
repeater-only option at this station and displays the 
current hanaar deck. Return 1s the same as that described 


in section 8.4. 
Seow Ch Station - PEK 5] 


Selection of this function causes the same job 


sequence as that described in section 8.6. 


The disolay is intended to be self explanatory and 
the prompt messages are intended to allow an operator to 
perform some tasks at the display, perform another task En 
another place, and return to the display and bẹ able to 


resume chanaing the information. 


F. CARRIER AIRGROUP COMMANDER'S STATION 


Ss 


Havina selected the Carrier Ayraroun Commander 
station, the operator will see a list of the views available 


at this stations The views available at thas station are 


current flight deck, current hangar deck and sauadron 
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maintenance. The operator also has the ootion of switching 
stations at this time. Selection of the SWITCH STATION PFK 
button will erase the disolay and then display the initial 


station selection view pace. 


Selection of any PFK button corresponding to an allowed 
view at this station will oisolay the desired view and a 
menu on the left hand side of the display. This menu has a 
list of the views available at this station. The station 
functions as a reveater-only display ana the use of PFK 
buttons is functionally eauivalent to the television channel 
selector previously aescribed in the thesis. The procedure 
to switch views involves selection on an appropriate PFK 


button corresoonding to a desired view. 


G. SQUADRON READY ROOM STATION 


che operator has selected the PFK button on the 
initial station selection oage correspondina to -this 
station, a list of the squadrons currently onboard appears. 
Select the PFK button corresponding to the desired squadron. 
The operator will] then see a list of the views available at 
this station. The views available are the current fliant 
deck, the current hancar deck, maintenance status and the 
soot olan. In addition, the operator may elect to switch 


Seerion at this time. 


Selection by the operator Of the PFK DUETON 


earresponding to the current flight deck, the current hanaar 
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deck, the sauadron maintenance status or the spot plan will 
erase the display and then display the reauested view. In 
addition, the prompt message "<CR> FOR NEXT VIEW" will 
appear in the lower middle of the display. When the 
operator has finished viewing the display, pressing any PFK 
button will cause the current display to be erased, and the 


list of views available at this station to be displayed. 


If the operator selects a PFK button without a 
corresponding view. at this station; Sserlashımo "TUN ARTD 
SELECTION" message will appear on the lower middle portion 
of the display. The operator is then allowed to select a 
Men button corresocondina to a view available at this 


station. 


If the operator selects the SWITCH STATION FFK button, 
the current disolay will be eraseds, and the operator will be 


returned to the initial station selection page. 


meee DATA BASE MODIFICATION 


The data hase is stored in five separate files when the 
Simulation proaram is not running. The five files are the 
MANOS) Maint. z Sscer.r,spot.r, and aircraft.r files, The 
data base setup routines open these files gurina 
initialiation and read the data into the data base arrays 


Tor use by the simulation proaran. 


meon oer rto Sdo on delete 3ircraft, the acho.r, maint.r, 


Sscr.r and spot.r files must be modified. The four files are 
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NN Sa ua caron in the maint.r file, the sauadron 
blocks are headed by the squadron name. The next line has 
the number of aircraft in the sauadron. The remainina lines 
in the block have maintenance information on each aircraft, 
one aircraft per line. The other three files are also 
organized by  squadron blocks, but do not have the sauadron 
name line. Modificatien of any one of the files reauires an 


operator to modify all four files for the same aircraft. 


Sadi tion Of am aircraft requires tWer operator to change 
the number of aircraft in the sauadron block to tne correct 
number and then enter the data for the aircraft. (See 
Figure 11). The procedure described below will enter a stub 
for the aircraft, which can then be interactivelv modified 
durina proaram execution. The operator enters the aircraft 
side number, and then enters zeros in all maintenance fields 
except the status field. The status field snould have a 
ene. This procedure enters an up, airborne aircraft in the 


maintenance data base. 


Peme noen aNd scr. files contain the. actual aircraft 
location and the location of the aircraft in the sceratchoad 
data base. These files do not have the sauadron name line. 
The key field is the side number field. The operator 
changes the number of aircraft in the sauacdron, then enters 
the new aircraft side number. The remaining fielas are 
assigned zero, except for the type field. The type field 
entry will corresoond to the type aircraft code. The 


procedure enters an uty airborne aircraft in the aircraft 
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location and scratchpad data bases. 


The spot.r file does not have the aircraft side number, 
but is also organized by sauadrons. The operator first 
changes the number of aircraft and then inserts the 
information on the line in the sauadron block corresoondina 
to aircraft entry in the other three fields. To enter an 
aircraft stub in the spot data base, the operator enters 
zeros in all fields exceot the Y-coordinate field. The 
operator should enter 2000 in this field. This procedure 
enters the aircraft stub in the spot data base, but the 
aircraft will not be visible on the spot clan until the ACHO 


actually interactively assians it to the spot plan. 


Deletion of an aircraft involves chanaing the number of 
aircraft in the squadron block in all four files and then 


removing the aircraft information from the files. 


To insert a new sauadron, the operator inserts the new 
sauadron block based on that sauadron's aircraft sige 
numbers. The sauadron name is insertea on one line, the 
number of aircraft in the squadron is inserted on the next 
line, and the aircraft information on each aircraft 1S 
inserted in the same manner described above, one aircraft 
per line. The corresoondina squadron block is inserted in 
the other three files, usina the same procedures described 
above. Deletion of a sauadron is the inverse of the above 


procedure. 
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I. PROGRAM INITIALTZATION 


a 


When the simulation is executed, the operator must first 
enter the ACHO station scratchpad and select SCRATCH 10 
CURR. This procedure must he followed in order to restore 
the data base completely. The orocedure initializes the 
various aircraft list arrays used by the ACHO scratchpad and 


spot plan routines. 


The operator is provided with two ootions for progran 
executione Nne ootion will initilize the data base to the 
Eronrmationm stored orior to the last simulation. The other 
option wil) initilize the data base to the information 
stored at end of the last simulation. To execute the first 
option, the operator uses the shell command aihs.rerun. 


Aihs.run allows the onerator to execute the second option. 
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